A s employers and governments look to control runaway health care costs, one place they are turning is to limited network plans. Recognizing that the cost of comparable services can vary widely across providers, insurers are offering plans that exclude the highest cost providers and thereby significantly reduce insurance premiums. These plans often do not vary in their enrollee cost sharing or other plan characteristics, relying only on the restriction to lower cost providers to ensure savings. As a result, they have proven to be increasingly popular, and they appear to be a mainstay of the plan offerings on state and federal exchanges under the Affordable Care Act (ACA). In particular, the explicit tying of ACA insurance subsidies for low income families to the (second) lowest cost plan in the area is likely to induce enormous movement into limited network plans, which are often the least expensive.
A s employers and governments look to control runaway health care costs, one place they are turning is to limited network plans. Recognizing that the cost of comparable services can vary widely across providers, insurers are offering plans that exclude the highest cost providers and thereby significantly reduce insurance premiums. These plans often do not vary in their enrollee cost sharing or other plan characteristics, relying only on the restriction to lower cost providers to ensure savings. As a result, they have proven to be increasingly popular, and they appear to be a mainstay of the plan offerings on state and federal exchanges under the Affordable Care Act (ACA). In particular, the explicit tying of ACA insurance subsidies for low income families to the (second) lowest cost plan in the area is likely to induce enormous movement into limited network plans, which are often the least expensive.
But these limited network plans are not without their detractors. Many are concerned that individuals will suffer a disruption in care if they switch to a limited network plan. This could lead to deterioration in the quality of care where the continuity of care is most valuable, such as for those with chronic illness. Recent expansion in limited and tiered network plans (the latter include a broader network but charge differentials for use of more expensive providers) in Massachusetts, for example, was strongly opposed not only by higher cost providers but also by patient advocacy groups. 1 Indeed, this concern prompted tying the ACA subsidies to the second-lowest cost plan in an area, to ensure that patients would not be "forced" into networks which did not include their provider. Despite this, ACA critics have recently focused on the dominance of limited network plans on the new exchanges. 2 Assessing the implications for enrollees of limited network plan enrollment is therefore an important issue for evaluating both the future of employer-sponsored insurance (ESI) and the efficacy of the ACA exchanges. Yet there is virtually no work on the implications of enrollment in a limited network plan for enrollee well-being. There is an older and much larger literature on the impacts of managed care plans, which include as one of their key aspects network limitations (e.g., Glied 2000) . But this literature was not focused on distinguishing the impacts of network limitations from many of the other differences involved in managing care. There is also a small recent literature on how limited networks impact choice of providers (see Frank et al. 2014 , for a review), but this literature does not address the impacts on overall spending and utilization patterns.
To address this issue, we turn to the example of the Massachusetts Group Insurance Commission (GIC), the health insurance provider for state employees, which introduced sizeable new incentives for limited network plans as part of their open enrollment for fiscal year 2012. In particular, the state offered a three-month premium holiday for enrollment in limited network plans by state employees. At the same time, the GIC provides insurance for a number of municipalities, to whom this premium holiday was not extended, providing a natural control group. We have obtained from the GIC a complete set of claims data for the 2009 through 2012 period, which allow us to assess the implications of this sizeable new incentive for enrollment in limited network plans.
We use these data to answer two sets of questions about limited network plans. First, how responsive are individuals to financial incentives to use such plans? We have sizable variation in financial incentives in our data, with the savings from choosing a limited network plan rising by over $500 per year on average. This allows us to obtain projections for price sensitivity that are highly relevant to employer plans and exchanges. We can also assess which enrollees are most price sensitive. Do financial incentives induce only healthy enrollees to join limited network plans, leading to increased sorting by health across insurers? 1 Weisman and Conaboy (2011) . 2 For example, the CEO of Cedars-Sinai Hospital, Thomas Priselac, recently told Time magazine, "We're very concerned with the impact [that a smaller network] has on patients" (Pickert 2014 ). An article on CNN.com described patients who are "dismayed that their current doctors aren't in the plans or that they can't go to the ones they think are best for them" (Luhby 2014) . Similarly, The Boston Globe quoted patient Nancy Petro, who said "Now I have to drive 50 miles for blood work when there's a hospital three miles from my house" (Jan. 2014).
We then estimate the implications of limited network enrollment for health care utilization, spending, and outcomes, for those enrollees who do decide to switch. We are particularly interested in assessing the extent to which such switchers change their pattern of physician utilization, and whether this impacts broader health care utilization.
Our findings suggest that switching to a limited network plan is very sensitive to financial incentives; the three month premium holiday offered by the GIC caused 10 percent of enrollees to switch to limited network plans, with an implied elasticity of switching with respect to the premium savings of 1.3. The healthiest individuals are the likeliest to switch, although the differences by health are not large.
We find that incentives to switch to a limited network plan induced a sizeable reduction in spending for the GIC of 4.2 percent, implying that the marginal person induced to switch plans by this incentive spent 36 percent less. There are several potential mechanisms that could generate this spending decline: reduction in the quantities of care received, reduction in the prices paid for care, and the shifting of the site of some care from more expensive to less expensive settings. These mechanisms are not mutually exclusive and, indeed, we find some evidence for each of them. For example, we find a reduction in specialist visits; we find a reduction in pervisit costs for outpatient care; and we find a reduction in emergency room visits that is concentrated in diagnoses that are likely to be treatable in office settings. Thus, we conclude that limited networks reduce costs through a combination of all three mechanisms. Our analysis suggests that the key plan feature underlying the cost reductions is limited network size, not differences in cost sharing or in managed care status.
Spending falls significantly for most categories of spending. Most importantly, however, there is an increase in primary care physician visits and spending that is more than offset by a decrease in specialist visits and spending. Falls in emergency room and hospital spending suggest that any reduction in physician access through network limitations did not cause an increase in use of tertiary care, and there is no evidence of any deterioration along measures of hospital quality. Distance traveled to providers falls for primary care physicians, but rises for specialists and in particular hospitals; there is, however, no evidence that patients are using lower quality hospitals. There is also no evidence of particularly harmful effects for chronically ill patients. But we do find that the savings are concentrated among those individuals who can retain their primary care physician when moving to a limited network plan, suggesting that limits on primary care access may not be as cost reducing as are downstream limits on other providers. Overall, the findings suggest that the switch to limited network plans reduced spending without harming access to primary care or inducing shifts to more expensive tertiary care.
Our paper proceeds as follows. Section I discusses the related previous literature. Section II describes the GIC policy change. Section III lays out the detailed data made available to us by the GIC, and Section IV describes our empirical strategy for using these rich data to identify the impact of limited network plans. Section V shows the results for plan choice, and Section VI presents the results for utilization responses. Section VII considers impacts on patient access as measured by distance traveled and hospital quality, while Section VIII considers heterogeneity in our findings. Section IX concludes.
I. Literature Review
As noted in the introduction, there is little work directly on the impacts of limited networks on patient care. But our paper does relate to some other important areas within health economics.
The first is the literature on the price sensitivity of plan choice in the employer-sponsored insurance (ESI) setting. A number of papers have found that employees are very price sensitive in choosing across ESI plans (e.g., Buchmueller and Feldstein 1997 , Cutler and Reber 1998 , and Royalty and Solomon 1999 . Royalty and Solomon (1999) find price elasticities-where the "price" is defined as the employee's out-of-pocket premium cost-in the range of −0.4 to −0.8. This prior literature highlights that there are likely to be switching costs, such as those arising from switching doctors, and that these switching costs may be higher for some employees than others. Strombom, Buchmueller, and Feldstein (2002) illustrate that there is significant heterogeneity in price elasticities: new hires and younger/healthier employees are much more price sensitive than are incumbent employees and older/sicker employees. Our analysis adds to this literature by examining a setting where employees face an explicit trade-off between plan characteristics and premiums. Other research has investigated enrollee preferences over plan characteristics; for example, Scanlon et al. (2002) find that enrollees are less likely to enroll in plans with high out-of-pocket costs and poor quality ratings. But there is no work about which we are aware estimating the price sensitivity with respect to network limitations.
A recent paper by Dahl and Forbes (2014) focuses specifically on the introduction for employees in the University of California system of a new option with lower premiums and a more limited physician network. They find that individuals are willing to pay a substantial premium to keep their doctors; they estimate that 35 percent of employees are willing to pay an average of over $100 extra per month to retain their doctors. But they do not investigate the implications for patient outcomes and costs of enrolling in the more limited network plan.
There is a sizeable literature in economics on how insurance plan care management impacts utilization, as reviewed by Glied (2000) . A well-known study in this area is Cutler, McClellan, and Newhouse (2000) , which finds that managed care appears to reduce provider prices without fundamentally changing the pattern of patient care, at least for cardiac patients. But this literature does not focus specifically on network limitations as opposed to the larger issue of care management. Below we will try to assess the extent to which care management may be driving our results and conclude that, while it may contribute to the cost savings in limited network plans, it is not likely to be the primary cause of the savings that we observe.
Finally, there is a sizeable literature in industrial organization that investigates the negotiations between providers and insurers in establishing networks, as reviewed by Gaynor, Ho, and Town (2014) . Of particular relevance are studies by Ho (2006) and Ho and Lee (2013) , which estimate as part of the model consumer demand for limited network plans. These articles find substantial valuation of hospital networks in choosing an insurance plan; Ho (2006) estimates an implied value of $15/year/ insured to having full choice of providers. She notes, however, that this valuation appears small relative to the savings to insurers from provider bargaining that accompany the construction of limited networks. This is consistent with the rapid growth in limited network plans in recent years.
II. The GIC Policy Change
The GIC provides health insurance options for all state employees as well as employees of a number of local municipalities who have chosen to buy into the state plan. At the start of our sample period, the GIC insured 81,420 state employees and 109,343 dependents. In addition, there were 23 municipalities purchasing their insurance through the GIC, with 14,232 employees and 19,160 dependents. Municipalities may find the broader negotiating power of the GIC a more attractive alternative to their local purchasing options, although unions often oppose the higher employee contributions and more limited choices associated with GIC enrollment. As a result of these conflicting interests, about 10 percent of the municipalities in the state were enrolled in the GIC by 2012. 3 In fiscal year 2011, the year before the limited network incentive plan began, the GIC offered 11 plan options. These plan options are summarized in Table 1 . Of these plans, five were classified as broad network plans (mostly Preferred Provider Organizations (PPOs)) that allowed employees a free choice of provider in the counties in which the plans operated. The other six were categorized as narrow network plans with more limited choice of providers. The cost-sharing features of the broad network and limited network plans are nearly identical, so the only substantive difference across the plans is their network. 4 According to information from GIC insurers, these narrow network plans are established to exclude the most expensive providers while still maintaining sufficient coverage of the plan's service area.
Of course, "narrow network" is a vague term that can have multiple meanings. To provide a richer interpretation of the meaning of a narrow network in the GIC context, we consider empirical measures of network breadth. In particular, we take our full set of data over three years (described further below) and focus on counties in which plans operate. In those counties, we consider all providers for which we observe at least five (or ten) in-network claims over the three-year period across all insurers. We then calculate, for each insurance plan, the proportion of these providers for which we observe at least five (or ten) in-network claims for that particular plan. While this measure undoubtedly incorporates measurement error, it nonetheless provides some relative information about the breadth of each plan's network within the counties in which it operates. 3 One reason for less widespread enrollment of municipalities is that enrollment required union agreement to give up on collective bargaining on benefits. 4 There are minimal differences in cost sharing across plans; most of the variation is across insurers, not across plan types. For instance, Tufts plans have slightly higher hospital copayments than other plans, but these higher co-payments apply to both their broad network plan (Tufts Navigator) and their limited network plan (Tufts Spirit). As a result, average hospital co-payments in limited network plans are identical to average hospital co-payments in broad network plans. For a specialist (in Tier 1), co-pays range from $20 to $25, with an average of $24.17 in limited network plans and $23.00 in broad network plans. For primary care physicians, co-payments range from $15 to $20, with an average of $17.50 in limited network plans and $18.00 in broad network plans.
The results of this exercise are presented in Table 2 . They suggest that limited network plans, on average, have claims from a smaller fraction of the physicians and hospitals in a county than the broad network plans do. Overall, our measures suggest that broad network plans cover nearly twice as many physicians and about 50 percent more hospitals than are covered by narrow network plans. While one of the limited network plans, Health New England, appears to have a relatively broad hospital network, it is worth noting that this plan does not operate in eastern Massachusetts, so its network does exclude many hospitals in the state. 5 We have also calculated these measures separately for primary care physicians and specialists, and found that the difference in network sizes is somewhat more pronounced for specialists than for primary care physicians. Broad networks include about twice as many specialists as narrow networks do, and about 50 percent more primary care physicians than narrow networks do.
Prior to the premium holiday, there was an existing financial benefit to choosing limited network plans, reflecting directly the lower cost of those plans to the state. In particular, the state contributed 80 percent of the cost of insurance plans for active employees hired before July 1, 2003 (and 75 percent for those hired after that date), so that a portion of the lower costs of limited network plans were passed on to employees. In 2011, the employee share of the monthly premium for individual coverage ranged from $81.32 for Unicare Community Choice to $153.36 for Unicare Basic (for workers paying 20 percent of the premium cost). Sixteen percent of enrollees at the state level chose to enroll in limited network plans.
The financial incentive to switch to a limited network plan varied significantly across employees, for several reasons. First, there were different contribution rules 5 We have confirmed the results in Table 2 by using data from insurers where available. We have compared the lists of in-network hospitals for limited network plans and found that the results are similar to those that we report in Table 2 . For example, Health New England includes 92.3 percent of hospitals in the claims-based measure and 100 percent of the hospitals in the list-based measure. Likewise, Tufts Spirit includes 32.9 percent of hospitals in the claims-based measure and 25.7 percent in the list-based measure. For physicians, we entered data on all in-network physicians for two limited network plans, Harvard Primary Choice and Health New England. For both plans, we found that for 25 percent of physicians we did not have enough claims to classify them in our claims data; for the remaining 75 percent of physicians, 60 percent (Harvard) or 68 percent (Health New England) were classified as limited in both our data and the insurers' lists, an "effective" match rate of 80-90 percent. plans. These differences in contribution rules generate meaningful differences in the incentive to switch to a limited network plan. For example, the savings from switching from family coverage through Tufts Navigator (a broad network plan) to family coverage through Tufts Spirit (a limited network plan) ranged from $29 per month in the three municipalities that required a 10 percent employee contribution for both plans, to $160 per month in a municipality that required a 7 percent higher employee contribution for Tufts Navigator than for Tufts Spirit.
For the fiscal year 2012 open enrollment, the GIC decided to add an extra incentive for state employees to enroll in limited network plans. 6 In particular, state employees who decided to enroll in limited network plans were offered a one-time, three month "premium holiday," with no employee contribution required for the first 
III. Data
Our data for this analysis include a complete set of claims and enrollment records for all GIC enrollees for the three fiscal years, spanning the period from July 2009 through June 2012. GIC's insurance contracts run from July through June, so these data allow us to observe three fiscal years. The premium holiday affects fiscal year 2012, which runs from July 2011 to June 2012.
For the purposes of our analysis, we limit the sample to active employees and their dependents who were continuously enrolled over the three years of our sample period. The restriction to continuously enrolled individuals ensures that the composition of our sample does not change over time. However, this sample restriction precludes the inclusion of eight municipalities that joined GIC during our sample period. Because we cannot identify which employees are teachers, we exclude data from a municipality that has different contribution rates for teachers than for other employees. The resulting sample includes data on 159,732 enrollees, of whom 86 percent obtained coverage through the state and 14 percent obtained coverage through one of 21 municipalities in our sample.
Our (de-identified) data include very limited demographic information such as age and gender, information on enrollment choices, and information on health care utilization and spending over this time period. In the claims data, we identify different types of services and construct annual measures of utilization. Our measures include counts of medical encounters in a year (e.g., office visits, prescription drug purchases, etc.) and total expenditures by all payers for those medical services. While it is possible that out-of-network providers choose not to file claims with the limited network insurers, we do observe claims that indicate that the provider is out-of-network, including some claims for which the insurer pays nothing. While we can't rule out the possibility that we are missing some claims from out-of-network providers, any missing claims are likely to be for low-cost events and would therefore have minimal effect on our overall findings. Overall, our data indicate that there is a small amount of out-of-network use, with out-of-network spending accounting for only 6 percent of total non-prescription drug spending on average. With three years of claims data for each enrollee, our final dataset includes 479,196 annual observations on the 159,732 continuously enrolled individuals in our sample. Table 3 provides summary statistics on our sample, including information on average annual medical expenditures and utilization. The average member incurs $4,811 in total medical expenses during a year. About 23 percent of these expenses are incurred in office visits, 18 percent in inpatient hospitalizations, and 30 percent in outpatient visits. Prescription drugs account for 19 percent of the costs. The remainder of the costs includes emergency department visits, labs, and "other" costs, which include home health care, supplies, ambulances, and a variety of other services.
IV. Empirical Strategy
Following the discussion of the GIC policy change above, there are several sources of variation in the cost of limited and broad network plans. At any point in time, there is significant variation across state versus municipal workers, as well as across state workers by date of hire. Over time, as premiums change, these differences in policy give rise to differential changes in the out-of-pocket premium cost of limited network plans. And the premium holiday in fiscal year 2012 created a sharp discontinuity in the cost of limited network plans for state employees relative to local employees. As a result, we pursue two identification strategies in our analysis. The first is a difference-in-differences analysis around the 2012 policy change, comparing state to municipal employees over time. This is a legitimate identification strategy if there are no preexisting differential trends between these two groups, and if there is no contemporaneous shock to one of these two groups.
To carry out this strategy, we estimate regressions of the form:
where i indexes individuals, m indexes municipalities (and state), and t indexes years. STATE is a dummy for obtaining coverage through a state employee, and AFTEr is a dummy for fiscal year 2012. MUNI represents a full set of fixed effects for municipality, and YEAR represents a full set of year fixed effects. X is a set of individual controls which includes age, gender, family coverage tier (individual or family), and an indicator for state employees who were hired before July 1, 2003. The coefficient β captures the impact of benefiting from the premium holiday, relative to earlier state workers, and compared to the change over the same time period for municipal workers. Standard errors are clustered at the level of the municipality. The second identification strategy incorporates the broader price variation that arises from the differential out-of-pocket premium cost of limited network plans across employee types and over time. The advantage of using this approach is that it provides more power to identify the effect of incentives to move to a limited network plan. The disadvantage is that there could be potential endogeneity from several sources in this broader variation. For example, the share that the state and municipalities require their employees to pay for health insurance could be related to underlying insurance demand, or date of employee hire could be correlated with individual insurance demand.
We address these concerns through our second empirical specification:
where LIMSAV is the savings from switching to a limited network plan for worker i. This measure is computed as the difference in the weighted average of employee contributions to broad network plans and the weighted average of employee contributions to limited network plans, measured as a percentage of the employee contributions to broad network plans. The weights represent the fraction of enrollees in each type of plan who chose each specific plan in a base period, so that more weight is placed on the employee contributions to the more popular plans.
Because we weight the employee contributions by baseline enrollment shares, the calculation excludes information about Harvard Primary Choice and Tufts Spirit, which were added as new insurance plan choices in fiscal year 2011. The use of a weighted average across all of the insurance plan options means that this measure does not vary across individuals within a municipality-year. Instead, this measure reflects the sources of variation that were outlined above, including variation across the state and municipalities, across hire date groups (i.e., groups facing the same premium-sharing rules), and over time. The use of a percentage difference in savings means that we are not using variation in the level of savings that arises from differences in premiums across individual and family plans; the dollar value of savings from switching to a limited network plan is always higher for family plans than the dollar value of savings for individual plans, but the percentage savings is always the same.
To address the potential endogeniety of LIMSAV, we include fixed effects for each municipality and controls for the hiring period for state employees to capture those correlates of insurance demand. In practice, since the most significant variation in our sample comes from the premium holiday, our results are similar using either method.
It is very important to be clear on the interpretation of the key coefficient β. Our estimates of the implications of limited network plans for utilization and outcomes are identified solely by the compliers that switch plans in response to financial incentives. That is, our estimates are not a population average estimate of the impact of forcing all enrollees to enroll in a limited network plan. But current policy conversations center around employee and exchange choice, which consider limited network plans as a choice option, not the mandated default. That is, our estimates provide the relevant estimates of the impacts of offering financial incentives of the range described above on utilization and outcomes.
V. Enrollee Plan Choice Results
We begin by examining the effects of financial incentives on the decisions of individuals to enroll in limited network plans. We estimate equations (1) and (2) using as a dependent variable a dummy for enrolling in a limited network plan. We estimate all models as linear probability models, although our results are very similar if we use probits. Figure 1 previews our first stage findings. Panel A graphs the savings from choosing a limited network plan by year, separately for municipalities and the state. As the figure shows, municipal employees in 2010 faced larger potential savings from switching to a limited network plan, because the employee share of the premiums was typically higher for them than for state employees. Because limited network plans have lower premiums than broad network plans, a higher employee share of premiums generates more potential savings from choosing a limited network plan. From 2010 to 2011, there was an increase in savings in both groups from choosing a limited network plan. This increase in savings was partially attributable to the fact that broad network plans had relatively large increases in premiums, whereas several of the limited network plans had premium increases that were close to zero.
In addition, increases in the employee share of premiums were implemented by the state and by several municipalities. 8 From 2011 to 2012, there was a large rise in the savings from limited network plans for state employees, due to the premium holiday, that was not present for municipal employees.
Panel B of Figure 1 shows enrollment rates in limited network plans over time for the state and municipalities. The initial rate of enrollment is higher in municipalities, which is consistent with the higher initial municipality discount for enrolling in such plans. From 2010 to 2011, enrollment in limited network plans rises in both groups by similar magnitudes, once again consistent with the parallel rise in financial incentives over these years. From 2011 to 2012, enrollment in limited network plans in the municipalities is fairly constant, whereas there is an enormous jump Figure 1 in the state plans, mirroring the increase in potential savings for state employees. For state employees, enrollment in limited network plans rises by about 50 percent between 2011 and 2012. Table 4 presents these "first stage" results in regression form, confirming what is shown in the figures. We estimate that the premium holiday raised enrollment in limited network plans in the state by over 11 percentage points, relative to the municipalities. Our alternative regression approach, using the full variation over this period, yields an estimate that each 1 percentage point increase in the discount to limited network plans gives rise to a 0.7 percentage point increase in the share of enrollees in limited network plans. The discount rose by 16 percentage points from 2011 to 2012 as a result of the premium holiday, which would predict the same 11 percentage point rise in limited network enrollment. The estimated elasticity of limited network enrollment with respect to its premium discount is 1.28 (or 0.007 × (36.55/0.201) ). Table 4 also shows the coefficients on many of the covariates included in these first stage regressions. The coefficients suggest that males are slightly more likely to choose limited network plans than females are. Enrollment in limited network plans peaks between the ages of 30 and 39, and decreases considerably as adults age. Other control variables include a full set of municipality and year fixed effects and controls for date of hire. The omitted age category is <19 years old. Standard errors are clustered on municipality. The sample includes all continuously enrolled active employees over the three-year period from fiscal year 2010 to fiscal year 2012; the unit of observation is a person-year. *** Significant at the 1 percent level. ** Significant at the 5 percent level. * Significant at the 10 percent level. Table 5 explores heterogeneity in price sensitivity, in each case showing the key coefficients from the same specification shown in Table 4 , but estimated on only the subsample of interest. We first consider heterogeneity by underlying health, dividing the population into those who are and are not chronically ill. We identify the chronically ill as individuals with a diagnosis (in an office setting) of hypertension, high cholesterol, diabetes, asthma, arthritis, affective disorders, and gastritis, following Goldman et al. (2004) . We find that healthier enrollees are more price sensitive: those who are not chronically ill are about 20 percent more responsive than notes: Each cell shows the coefficient (and standard error) from a single regression. In the first column, the coefficient is on the interaction between "state employee" and post; in the second column, the coefficient is on the relative price of limited network plans. Each row shows results for a different subsample. Control variables include gender, age group, enrollment in a family plan, date of hire, and a full set of municipality and year fixed effects. Coefficients are estimated using OLS. Standard errors are clustered on municipality. *** Significant at the 1 percent level. ** Significant at the 5 percent level. * Significant at the 10 percent level. + Results for a given subsample are statistically significantly different at the 10 percent level from the first subsample in the group. ++ Results for a given subsample are statistically significantly different at the 5 percent level from the first subsample in the group.
those who are chronically ill. 9 This suggests that, when the GIC offered financial incentives for enrollment in limited network plans, they improved the health mix of those plans and worsened the health mix of those remaining in broad network plans, although the differential effect is not large.
We next explore heterogeneity by initial choice of insurer, limiting our sample to those who were enrolled in broad network plans at the beginning of our sample period. In general, enrollees who switch to a limited network plan tend to stay with the same insurer that ran their broad network plan. Overall, 68 percent of new enrollees in limited network plans in fiscal year 2012 chose the same insurer that they had used for their broad network plan. Thus, the characteristics of the limited network plan offered by an enrollee's broad network insurer may particularly influence his or her decision to enroll in a limited network plan. We see that there is some heterogeneity in switching by insurer. The first stage is largest for Fallon enrollees, and smallest for Unicare enrollees. While it is true that the first stage is relatively small for Tufts, which also has the largest gap in network sizes across broad and narrow network plans, there does not appear to be a systematic correlation between the first stages across companies and the "restrictiveness" of their limited network plans. A more systematic relationship exists between the strength of the first stage and the demographic characteristics of the enrollees, with the youngest and healthiest enrollees in the plan with the largest first stage (Fallon) and the oldest and most chronically ill enrollees in the plan with the smallest first stage (Unicare). So the heterogeneity in the results by insurer in the second panel of Table 5 is consistent with some positive selection into narrow networks.
Two key determinants of switching could be whether individuals can remain with their insurer, and whether they can keep their doctor. We explore these issues in the next panel of Table 5 . For 79 percent of the enrollees in our sample, we can identify their primary care physician based on claims during the first two years of our sample. We identify the primary care physician as the physician with a primary care specialty with whom the enrollee had the most office visits during the first two years of our sample period. We then consider three mutually exclusive groups, among those enrollees who were not yet enrolled in a limited network plan in fiscal year 2011: those whose primary care physician is in the limited network version of the same insurance plan in which they are now enrolled; those whose primary care physician is in a limited network plan, but not that offered by their current insurer; or those whose primary care physician is not available through any limited network plan. We expect enrollment in a limited network plan to be declining across these groups, and indeed that is the case.
The results in Table 5 show that the coefficient on switching (that is identified primarily by the premium holiday) is declining across these groups. 10 The effect 9 The relatively small differential in the first stage between chronically and not chronically ill enrollees may partly reflect the fact that healthier enrollees were more likely to have enrolled in limited networks prior to the premium holiday, so that there was less potential for switching in response to the premium holiday. In fiscal year 2011, 15.1 percent of chronically ill state enrollees were in limited network plans, as compared to 16.6 percent of non-chronically ill state enrollees. 10 Of course, these results suffer from some censoring bias-those whose physician is in a limited network plan may have been most likely to switch before the premium holiday. This would most likely lead us to understate the impact of the financial incentive differential across groups.
for those who can switch without changing insurer or physician is about 60 percent larger than for those who must switch both insurer and physician. As with the results by insurer, it is important to note that there are differences in observable characteristics across these subsamples: the enrollees who must switch both insurer and physician are three to five years older on average than the other subsamples and had higher spending and hospitalization rates in fiscal year 2010. These results should therefore be interpreted with caution, as the heterogeneity could reflect PCP network participation or underlying patient characteristics. To the extent that they reflect PCP network participation, they are consistent with Dahl and Forbes' (2014) findings that individuals value the ability to keep their doctors.
It is interesting to note that over 90 percent of these enrollees have a primary care physician who participated in at least one limited network plan. This suggests that switching to a limited network plan does not necessarily disrupt primary care relationships for many enrollees.
Finally, we examined geographic heterogeneity in our first stage. Narrow networks appear to be substantially more restrictive in eastern Massachusetts than in western Massachusetts.
11 Based on measures of the physician network breadth based on five in-network claims, akin to the first column of Table 2 , we find that, in eastern Massachusetts, narrow networks included 9.4 percent of providers while broad networks included 25.6 percent of providers. In western Massachusetts, narrow networks included 17.3 percent of providers while broad networks included 23.5 percent of providers. In spite of these regional differences in the restrictiveness of the narrow networks, our results in the bottom panel of Table 5 suggest that there was not a statistically significant difference in the first stage across these regions.
VI. Results for Utilization and Spending
Having established our "first stage" fact that financial incentives for limited network plans strongly influence choice of such plans, we now turn to estimating the impact on patient outcomes. The regression framework is the same as that used in the previous section, but our dependent variables now relate to health care utilization and outcomes.
These regression coefficients can be interpreted as "reduced form" estimates of the impact of financial incentives on patient outcomes. If we normalize by the "first stage" estimates of the impact of financial incentives on plan choice, we can obtain an implicit instrumental variables estimate of the effect of enrolling in a limited network plan on outcomes. As noted earlier, this IV estimate is valid only for the marginal individuals induced to switch plans by financial incentives, and not for individuals randomly enrolled in a limited network plan.
Since our dependent variables feature both many zeros and a large degree of skewness, we estimate our models by a general linear model (GLM). In the absence of zeros, we would want to use ln(spending) as our dependent variable and estimate our models using OLS. However, the presence of observations with zero spending makes this a problematic strategy, so we follow the literature and estimate GLM with a log-link function (Buntin and Zaslavsky 2004) . In this approach, the conditional mean is modeled as:
This approach allows us to avoid selection on the dependent variable and also generates coefficients that are interpretable as percentage changes.
A. Total Impact on Spending
We preview the results for total spending with Figure 2 , which shows the trends in total spending for state and municipal employees. For this figure, we use quarterly data on total spending, in order to show more precisely the timing of any changes in total spending. This figure shows that spending trends very closely for state and municipal employees over time before the premium holiday, with state employees having consistently higher total spending (once again consistent with higher enrollment in limited network plans by municipal employees). There is then a very clear relative decline in total spending for state employees, which begins in the first quarter of fiscal year 2012 and becomes even stronger in subsequent quarters. The fact that the spending patterns for state employees, as compared to municipal employees, mirror the patterns of enrollment in limited network plans seen in Figure 1 is quite suggestive of a causal link.
In Table 6 , we formalize this analysis using our regression framework. There are two columns in the table, representing our two identification strategies: the difference-in-differences strategy is used in the first column, while the price variation strategy is used in the second column. In each cell, we present the GLM estimate of the effect on a spending measure. If one wishes to interpret these as structural estimates for the impact of being enrolled in a limited network plan then, as noted above the difference-in-differences estimates should be multiplied by 1/0.116 = 8.6, and the price variation estimates should be multiplied by 1/0.0070 = 143.
We begin in the first row by modeling total spending. We estimate a marginally significant 4 percent decline in the level of medical spending. Normalizing by the "first stage" effect, this implies that, for the marginal switcher, there is a 36 percent decline in total spending when moving to a limited network plan. This is a very sizeable impact. On the other hand, the magnitude of the decline is quite consistent with the difference in total premiums for the two types of plans. Indeed, the mean reduction in out-of-pocket premium for an enrollee to switch from an average broad network plan to an average limited network plan in our sample was 36.55 percent, 12 In contrast to GLM, OLS models E(ln Spending | X ) imt = α + βLIMSA V imt + γ MUN I m + τYEA R t + δ X imt + ε imt . As a result, OLS generates coefficients that are difficult to translate into statements about E(Spending). The traditional solution has been to use a "smearing" estimator to convert predictions to the unlogged scale (Manning et al. 1987 ). However, these retransformations are biased in the presence of heteroskedasticity ( notes: Each cell shows coefficients (and standard errors) from a single regression. In the first column, the coefficient is on the interaction between "state employee" and post; in the second column, the coefficient is on the relative price of limited network plans. Each row shows results for spending on a different type of service. Control variables include gender, age group, enrollment in a family plan, date of hire, and a full set of municipality and year fixed effects. The sample includes all continuously enrolled active employees over the three-year period from fiscal year 2010 to fiscal year 2012; the unit of observation is a person-year. Coefficients are estimated using GLM. Standard errors are clustered on municipality. *** Significant at the 1 percent level. ** Significant at the 5 percent level. * Significant at the 10 percent level.
as shown in Table 3 . Our results suggest that the premium differential for limited network plans is driven not merely by positive selection, but by a substantive difference in costs per capita. 13 The results using full variation, when normalized by the relevant first stage results, generate very similar results: for the marginal switcher, there is a 41 percent decline in total spending. The fact that our two identification strategies generate such similar results here, and throughout the subsequent results, is reassuring.
Given the increased scope for out-of-network use in limited network plans, we also examined the impact of the premium holiday on (non-prescription drug) spending by network status. Using our difference-in-differences specification, we find a statistically significant 5.4 percent decline in in-network (nondrug) spending and a statistically insignificant 1.8 percent decline in out-of-network spending. Thus, it appears that enrollees responded to limited network plans by shifting their utilization towards in-network providers, as opposed to increasing their out-of-network utilization.
We then turn to modeling spending by subcategory of medical utilization. We find a large (albeit only marginally significant) decline in office spending, with the difference-in-differences estimate implying a roughly 16 percent decline in office spending for the marginal switcher. We estimate a reduction in hospital spending which is also very large, but statistically insignificant. Unfortunately, the confidence intervals for our inpatient hospital spending results are fairly wide, leaving us unable to rule out a large fall or rise in hospital spending.
We do, however, find a large and marginally significant 5 percent decline in outpatient hospital spending in the difference-in-differences specification, implying a 43 percent reduction in outpatient spending for the marginal switcher. Results for outpatient spending are similar in magnitude, and statistically significant, in the specification that uses the full price variation. We see an even larger reduction in lab spending of 8 percent in the difference-in-differences specification, implying a 71 percent reduction in lab spending for the marginal switcher. We have further explored the lab results and found that lab spending associated with office visits doesn't fall significantly; rather, the major change is in lab spending associated with outpatient and emergency room settings.
We find a correspondingly large reduction in emergency room spending. This is striking because it defies the natural hypothesis that, when individuals have their physician choices limited, they may tend to use more emergency room care. We have further broken emergency room visits by type of visit, and find that about two-thirds of the reduction is from reduced use of the emergency department for treatment of injuries. We have also examined the decline in emergency room visits by diagnosis, categorized by the relative frequency that a given diagnosis is treated in the emergency room, as opposed to an office visit setting, in broad network plans in the baseline period. We found that the decline in emergency room visits 13 A simple regression of spending on limited network plan enrollment, ignoring the endogeneity of limited network enrollment, yields a cost savings estimate of 30 percent. It is surprising that the causal impact on spending is larger than the OLS effect, given that the latter includes selection effects. This partly reflects relatively limited selection: the average age of those enrolled is only three years younger than those not enrolled, and the odds of chronic illness is only about 10 percent lower. This may also partly reflect differences between the marginal complier with the policy change and the average enrollee in limited network plans, or differences in the long run effect of enrollment versus first year effects. Nevertheless, the results suggest that most of the savings from limited network plans is from reduced spending by enrollees, not just positive selection.
is concentrated among diagnoses that are treated in an emergency room less than 50 percent of the time. In other words, the decline appears to be coming from marginal visits that could plausibly be treated in other settings. This suggests that one mechanism by which limited networks reduce spending is by shifting the site of care for some diagnoses away from the emergency department and presumably towards less expensive settings.
We find no meaningful impact on prescription drug spending, but a large impact on "other" spending. When we break down "other" spending into its constituent components, the results imply that there are particularly large reductions in home health care spending and ambulance spending, although neither is significant on its own. It is worth noting that "other" spending constitutes less than 5 percent of total spending, so declines in this category of spending, while larger in percentage terms, are relatively unimportant in explaining the aggregate decline in spending. Rather, if one takes the point estimates seriously, the changes that appear to be most important in driving the 4.2 percent decline in total spending include the 5.0 percent decline in outpatient spending and the (statistically insignificant) 5.6 percent decline in inpatient spending, which together account for more than half of the overall decline in total spending.
Given the robustness of our findings to the two empirical strategies used in Table 6 , for the remainder of the paper we present only the more easily interpretable difference-in-differences results. All results presented below are, not surprisingly, consistent using the fuller measure of incentives.
B. Decomposing Spending Impacts
The large impacts on total spending that are apparent in Figure 2 can be further decomposed to assess whether the savings arise from a reduced quantity of care or lower prices paid for a fixed amount of care. We show the results of this decomposition in Figure 3 . In panel A, we show the changes in costs per service type, weighted by fixed quantities of care for each service. These fixed quantities are based on average utilization for each service category (primary care office visits, specialist office visits, other office visits, inpatient care, outpatient care, ER visits, labs, prescription drugs, and other care) for broad network enrollees in fiscal year 2010. Costs per service are allowed to vary, on average, over time and across state versus municipal enrollees. Interestingly, average costs per service are similar for state and municipal enrollees at the beginning of the sample period, with costs for state enrollees, if anything, lower than costs for municipal enrollees in fiscal year 2011. But costs per service seem to decline relatively more for state enrollees after the premium holiday, especially towards the end of fiscal year 2012. This figure suggests that the decline in spending among state enrollees is partially attributable to a relative decline in per service costs.
Panel B of Figure 3 shows the changes in quantities of each type of service, weighted by fixed costs of care. The fixed costs are based on average per service allowable costs for each type of service for broad network enrollees in fiscal year 2010, while quantities are allowed to vary over time and across state versus municipal enrollees. State enrollees were clearly using a greater amount of care than municipal enrollees in fiscal year 2010 and fiscal year 2011, but the magnitude of the gap declines visibly beginning at the time of the premium holiday. Based on these figures, it appears that declines in prices and quantities both play a role in reducing spending for state enrollees after the premium holiday. Table 7 examines this issue, in a regression framework, for different categories of service. It extends Table 6 by presenting, in addition to our GLM spending results, results for measures of quantity of care and for costs per visit. Specifically, it shows OLS results for a dummy variable for any utilization of that type of service, for number of instances of utilization (visits, stays, tests, drug prescriptions, etc.), and for average cost per instance of utilization (conditional on some utilization). The results shown here are all similar if we use Probit models for the "any visits" outcome, or if we use Poisson count models for the number of visits outcome.
We find that there is no change in the odds of having an office visit, but that the number of visits falls significantly, by 0.15 off a base of 7.36 visits on average. There is no effect on per-visit cost. For inpatient utilization, we once again do not find any results of statistical significance. The point estimates, however, are more consistent with a decline in costs per visit than with a decline in inpatient hospital visits. For outpatient utilization, we find a reduction in the odds of any outpatient visit, in the number of visits, and in the cost per visit. For emergency room utilization, there are reductions in all measures, but the only significant change is a reduction in the number of visits. For labs, we find a reduction in both the level of lab results and the cost per result, which produces the significant total drop in spending. The results for prescription drug utilization are interesting. As noted earlier, there is no net impact on prescription drug spending. But this appears to reflect a significant reduction in the number of prescriptions (a reduction of 0.4 prescriptions on a base of 11.7 prescriptions), offset by a large (although not significant) rise in the cost per prescription (a rise of $2.08 off a base of $77). We also see a large and statistically significant decline in the quantity of "other" care.
Overall, the results are consistent with the visual impression from the two panels of Figure 3 , which suggested that the reduced spending is attributable to reductions in both quantity and price. The results in Table 7 indicate that the premium holiday is associated with declines in the quantity of care across all categories of service, with statistically significant effects on office visits, emergency room visits, prescription drugs, and other visits. The results indicate that premium holiday is also associated with declines in the per-visit cost for every category of care, except prescription drugs, with statistically significant results for outpatient visits.
C. Type of Physician
The results for physician office utilization suggest the potential value of a further decomposition by type of physician. Table 8 follows the same format as Table 7 , but further decomposes the results for office visits by type of provider. 196 479,196 479,196 Varies notes: Each cell shows the coefficient (and standard error) on the interaction between "state employee" and "post" from a single difference-in-differences regression. Each row shows results for a different service; each column shows a different measure of utilization for that service. Control variables include gender, age group, enrollment in a family plan, date of hire, and a full set of municipality and year fixed effects. The sample includes all continuously enrolled active employees over the three-year period from fiscal year 2010 to fiscal year 2012; the unit of observation is a person-year. Coefficients in the first column are estimated using GLM; results in the other columns are estimated using OLS. Standard errors are clustered on municipality. *** Significant at the 1 percent level. ** Significant at the 5 percent level. * Significant at the 10 percent level. gruber and mcknight: limited network insurance plans
The first panel decomposes office visits into visits to primary care physicians, specialists, and others, using data on provider specialty for all providers in Massachusetts. The "other provider" category, which accounts for 7 percent of office visits, includes out-of-state providers as well as other providers that we were unable to match to a specialty. The differences across these groups are striking. We find that that primary care office visits increase, with a statistically significant 3 percent rise in spending in the reduced form, implying a roughly 28 percent rise in spending on primary care for those who move into narrow networks.
14 At the same time, visits to specialists fall significantly, with a large 5 percent decline in spending in the reduced form implying a roughly 45 percent reduction in specialist spending. For other physicians, there is a significant decline in visits, but an offsetting significant rise in cost per visit, resulting in an insignificant effect on spending. These results suggest that enrollment in a limited network plan is associated with a shift towards primary care and away from specialist care.
We further explored the increase in primary care visits and the decrease in specialist visits by diagnosis, categorized by the relative frequency that a given diagnosis is treated in each setting, following the same method as our analysis of emergency 14 In 2013, GIC introduced a "Centered Care" Integrated Risk Bearing Organization Initiative that may have affected the mix of primary and specialist care use. However, that initiative was introduced after our sample period ended, so it cannot explain our finding of increased primary care and decreased specialist care use. 196 479,196 479,196 Varies notes: Each cell shows the coefficient (and standard error) on the interaction between "state employee" and "post" from a single difference-in-differences regression. Each row shows results for a different type of office visit; each column shows a different measure of utilization for that service. Control variables include gender, age group, enrollment in a family plan, date of hire, and a full set of municipality and year fixed effects. The sample includes all continuously enrolled active employees over the three-year period from fiscal year 2010 to fiscal year 2012; the unit of observation is a person-year. Coefficients in the first column are estimated using GLM; results in the other columns are estimated using OLS. Standard errors are clustered on municipality. *** Significant at the 1 percent level. ** Significant at the 5 percent level. * Significant at the 10 percent level.
room visits. In this analysis (not shown), we find that the decline in specialist visits is concentrated among diagnoses that tend to be treated by specialists, with little evidence of offsetting increases in primary care visits for the same diagnoses. Likewise, the increase in primary care visits is concentrated among diagnoses that tend to be treated in primary care settings, without a corresponding decline in specialist visits for the same diagnoses. While it is possible that this pattern is simply a result of differential reporting of diagnoses across provider specialties, this evidence suggests that the increase in primary care visits and the decline in specialist visits may not be directly related to each other. An alternative explanation for the increase in primary care visits is that plan switching induces a temporary increase in primary care visits, as some enrollees schedule introductory visits with new primary care physicians. The second panel of Table 8 decomposes the office visits instead into visits to physicians that the patient had seen previously, and visits to those that the patient had not seen. Of course, we can only identify whether a patient has previously seen a physician if the encounter appears in our claims data; since we do not observe an entire lifetime of claims data for each individual, we will overstate the number of "new" providers. We know that the proportion of providers that we identify as "new" will be artificially high at the beginning of our claims data, and will decrease mechanically over time. We therefore rely on a full additional year of claims data, extending back to July 2008, to identify "new" and "old" providers, while continuing to focus our analysis on the period beginning in July 2009. The disadvantage of this approach is that our regressions include only individuals who were continuously enrolled for four years (or 84 percent of our baseline sample). But the advantage is that we decrease the measurement error in our classification of "new" versus "old" providers. Importantly, there is no reason to expect differential measurement error in our classification of new and old providers for state and municipal employees, so we do not believe that our coefficients are biased by this issue.
There is a sizeable reduction in visits to providers whom the patient had previously seen, as well as a reduction in cost per visit, so that total spending on such physicians falls by 3.4 percent. For new providers, there is a sizeable rise in the odds of a visit, the number of visits, and cost per visit, so that total spending on new providers rises by 5.6 percent. Given that the mean spending on old providers is $771, while on new providers it is $304, this is consistent with an overall fall in physician spending. Overall, shifting to limited network plans appears to cause a shift away from traditional providers towards newer (lower cost) options. The new providers chosen by individuals are marginally more expensive than new providers chosen previously, but not enough to offset the cost difference between new and old providers.
VII. Impact on Patient Access
A full analysis of the impact of limited network plans would include effects on patient outcomes. Unfortunately, our data do not contain health outcome measures. Typically used process measures, such as avoidable hospitalizations, rely on inpatient data where our precision is limited. Our efforts to investigate such variables have found no effects but very wide confidence intervals. We have also tried to assess impacts on patient mortality, and once again our estimates were simply too imprecise. 15 There is one important outcome that is the current focus of much debate over limited network plans, however: patient access to providers as proxied by distance traveled. A major concern raised about limited network plans is that they will lead patients to have to travel much farther to see their providers. We can address this concern with our data by examining the distance between patients and the providers they do see when they join limited network plans. To do so, we use the distance between the centroid of patient and provider zip codes in our data, for every provider-patient pair that we observe.
The results of this analysis are shown in the top panel of Table 9 . We find that overall there is no significant impact on distance traveled for an office visit. But we find that this masks important heterogeneity by type of office visit: distance traveled for primary care visits falls by 0.65 miles in our reduced form estimates, or by about 5.6 miles as our implied IV coefficient; this is more than half of the baseline distance traveled for primary care. 16 On the other hand, distance traveled rises for specialists, although not significantly. We find that those patients who continue to see their old providers are traveling shorter distances to do so, but that those patients who see new providers are traveling farther; the latter effect is fairly sizeable, with an implied IV coefficient of about seven miles, or about two-thirds of the mean distance traveled to new providers.
We find that patients travel shorter distances for outpatient and ER visits, but that they travel much farther to the hospital. The implied IV coefficient on travel to hospitals suggests that the marginal patient switching to a limited network plan travels almost 40 miles farther to the hospital. However, this coefficient has a large confidence interval around it, so we cannot exclude considerably smaller increases in the distance traveled.
A related concern is that limited network plans restrict patient access to high-quality providers. In particular, one might be concerned that lower costs are correlated with lower quality. To assess this concern, we obtained eight measures of hospital quality for Massachusetts hospitals and matched them to the hospitalizations in our sample. Our quality measures include the 30-day mortality rates associated with hospitalizations for heart attacks, heart failure, and pneumonia for each hospital. In addition, our measures included the 30-day re-admission rates associated with hospitalization for heart attack, heart failure, pneumonia, hip or knee surgery, and all causes.
In the bottom panel of Table 9 , we report results from regressions that are exactly like the regressions in the top panel of Table 9 , except that they use quality measures for each enrollee (conditional on hospitalization) as the dependent variable. The results are not suggestive of any impact on quality. The results are uniformly statistically insignificant, and they are equally likely to be negative (suggesting higher notes: Each cell shows the coefficient (and standard error) on the interaction between "state employee" and "post" from a single difference-in-differences regression. Each row shows results for distance to a different type of provider. Control variables include gender, age group, enrollment in a family plan, date of hire, and a full set of municipality and year fixed effects. The sample includes all continuously enrolled active employees over the three-year period from fiscal year 2010 to fiscal year 2012; the unit of observation is a person-year. Coefficients are estimated using OLS. Standard errors are clustered on municipality. *** Significant at the 1 percent level. ** Significant at the 5 percent level. * Significant at the 10 percent level.
quality) as they are to be positive (suggesting lower quality). In addition, the point estimates are very small relative to the means. As a result, we conclude that enrollment in limited network plans is not associated with any change in the quality of accessible inpatient hospital care.
VIII. Heterogeneity in Responses
It is possible that the impacts of limited network plans vary considerably by type of patient. We consider in particular four types of heterogeneity in the analysis.
A particular concern is that moving to a more limited network plan may have significant negative connotations for the most ill patients. The first panel of Table 10 shows the total spending results separately by chronic illness status. We find that the overall effect on spending is similar for the chronically ill and non-chronically ill, although given the larger first stage for the latter group, this implies somewhat larger effects for the marginal chronically ill individual who was induced to switch by the financial incentives. Most importantly, we do not find any evidence that limited network plans caused difficulties in physician access for the chronically ill. Indeed, in results that are not reported here, we find a strong shift in spending from specialists to primary care physicians, with spending falling considerably for the former and rising for the latter. We also find that, for the chronically ill, there is a marginally significant reduction in inpatient spending, and no statistically significant impact on emergency room use. Taken together, these results do not indicate any particular cause for concern for the chronically ill from switching to a limited network plan.
In the second panel, we consider heterogeneity across initial broad insurer. This analysis allows us to address a key concern with our interpretation of the spending decline as the causal effect of limited networks. The concern there is that we may be confounding the effects of network limitations with the effects of other plan attributes. As noted earlier, there are minimal differences in co-payment requirements across the different plans, so we do not believe that the spending differences are attributable to cost-sharing differences. However, limited network plans are more likely to be Health Maintenance Organization Plans (HMOs) than broad network plans are. Difference-in-differences analysis of indicators for these plan features (not shown) indicate that the premium holiday is associated with a statistically significant 4.5 percentage point increase in the probability of enrollment in an HMO.
Interestingly, we found that the increased probability of HMO enrollment is concentrated among enrollees who had previously been enrolled in Harvard Pilgrim's broad network plan. Unlike the other insurers that offered both broad and limited network plans, Harvard Pilgrim offered a broad network PPO and a limited network HMO. Thus, because enrollees who switch to a limited network plan have a tendency to switch to the limited network plan offered by the same insurer as their prior broad network plans, individuals who were initially enrolled in Harvard Pilgrim's broad network plan have a much greater likelihood of switching to an HMO in response to the premium holiday. Specifically, Harvard Pilgrim broad network enrollees experience a 16.5 percentage point increase in the probability of enrolling in an HMO, whereas other broad network enrollees experience increases that range from −1.5 percentage points (Fallon) to 2.2 percentage points (Tufts).
If the cost savings that we attribute to limited networks were also concentrated among those who were initially enrolled in Harvard Pilgrim's broad network plan, we would be concerned that our results reflect an increase in HMO enrollment, instead of reflecting narrower networks. However, in the second panel of Table 10 , we see comparable spending declines across all four subsamples and, in fact, cannot reject the null hypothesis that the spending declines are equivalent for all four groups. We conclude that, while increases in HMO enrollment and associated differences in care management may help explain some of the cost reductions that are generated by the premium holiday, our results are consistent with the idea that the costs savings are driven primarily by limited networks and not by other plan feature differences. The next dimension of heterogeneity that we consider is by whether patients' primary care physicians were included in limited plan networks. As described earlier, we divide the sample into those who could keep both their insurer and their primary care provider, those who could keep their primary care provider but to do so would have to switch to a different insurer, and those who could not keep their primary care provider if they switched to a limited network plan. The results of this analysis are shown in the third panel of Table 10 .
We find that the largest declines in spending are for those who are able to keep their primary care physician, either by moving to the limited network version of the current insurer's plan or by moving to another limited network plan. We find that there is a particular decline in spending-and especially specialist, outpatient, and emergency department spending-among the group that must switch insurers in order to keep their primary care physician. This finding likely reflects the fact that networks are more correlated within insurers than across insurers. Switching to another insurer may allow an enrollee to maintain an existing relationship with a primary care physician, but at the cost of finding new specialists and hospitals. This is an interesting finding, suggesting that doctors change their use of specialists depending on the network availability of those specialists. For patients who can keep their physician, we find no change in hospitalization rates, but a decline in hospital spending, consistent with the idea that the limited network causes them to choose a lower cost hospital.
For those whose primary care physician does not participate in a limited network, in contrast, the impact on spending is positive and statistically insignificant, with little change of significance in most categories of spending. This is despite the fact that there is a significant response to the financial incentives in this group in terms of switching to a limited network plan. As discussed above, it is important to note that the sample whose primary care physician does not participate in a limited network appears to be older and more chronically ill. Therefore, these results should be interpreted with caution. One explanation is that limited networks generate greater savings in healthier populations (although the results in the top panel of Table 10 are not consistent with this explanation). Another interpretation is that the power of limited network plans to lower costs depends critically on those who retain their primary care physician through the switching process. This interpretation further implies that the ability to extrapolate our findings depends importantly on how limited network plans limit access to primary care physicians; those plans that have very narrow networks of primary care physicians may be less successful in controlling costs.
To further test the importance of network limitations in reducing spending, we also considered heterogeneity across western and eastern Massachusetts. As noted above, narrow networks appear to be substantially more limited, relative to broad networks, in eastern Massachusetts than in western Massachusetts. Consistent with a causal role for narrow networks in our spending results, we found that the spending reductions were concentrated in eastern Massachusetts, with a statistically significant 6.5 percent reduction in total spending associated with the premium holiday in eastern Massachusetts and a statistically insignificant increase in total spending in western Massachusetts.
IX. Conclusions
The debate over the impact of the shift to narrow network plans has largely proceeded in an evidence vacuum. This paper attempts to move forward our understanding of how individuals choose such plans and their implication for utilization of health care.
We first find that patients are very price sensitive in their decisions to switch to limited network plans, with a price elasticity above one. This finding is consistent with an existing literature that suggests substantial price sensitivity in enrollment choices in employer-sponsored health insurance markets. There is modest adverse selection associated with such price incentives, as those who are most healthy are the most price sensitive.
We then show that the large premium differential between broad and limited network plans is driven not by selection but by real reductions in spending among those induced to switch plans. This reduction in spending comes from both reductions in prices paid and quantities of care used. The reduction in spending does not appear to come from reduced access to primary care; indeed, use of primary care and spending on such services rises for those switching to limited network plans. Rather, the reduction arises from less use of specialists and hospital care. The fact that primary care use is rising, while emergency room and hospital spending is falling, suggests that the move to limited network plans is not adversely impacting health, although we are unable to demonstrate health effects with any certainty. We find that distance traveled falls for primary care and rises for tertiary care, although there is no evidence of a decrease in the quality of hospitals used by patients.
We also find that the positive effects on primary care and reductions in spending on specialist/hospital care occur for both more and less healthy patients. We do find, however, that the spending reduction is driven primarily by those who are able to keep their primary care physician when moving to a limited network plan. Taken together with our overall findings on primary care, we conclude that the real savings from limited network plans arises from restrictions downstream from the primary care provider.
One natural question that arises from our findings is whether the premium incentives provided by the GIC were fiscally beneficial to the state of Massachusetts. The answer to this question appears to be "Yes." We calculate that the employer premium contributions that were paid for all individual and family plan enrollees in fiscal year 2012 was 1.2 percent lower than it would have been in the absence of the premium holiday. This 1.2 percent reduction in employer premium costs combines a 2.8 percent reduction in the employer share of the lower premium in limited network plans arising from the 11.6 percentage point increase in limited network enrollment that we calculated in our first stage and a 1.6 percent increase in the employer's share of all premiums due to the premium holiday. In future years, if the same group of enrollees who responded to the premium holiday were to remain enrolled in limited network plans, the savings would be expected to be approximately 2.8 percent.
While some of the marginal enrollees might switch back to broad network plans, there is a great deal of inertia in insurance plan enrollment. Indeed, in our sample, only 3 percent of those who were enrolled in broad network plans in fiscal year 2010 switched to a limited network plan for fiscal year 2011; similarly, only 1 percent of those who were enrolled in limited network plans in fiscal year 2010 switched to a broad network plan in fiscal year 2011. This inertia in plan enrollments suggests that the fiscal benefits of the 2012 premium holiday were likely much larger in subsequent years when the premium holiday was no longer in place, since the state benefited from a reduced premium bill with any offsetting increase in the employer share of the premium.
A limitation to extrapolating our results is the issue of scale and general equilibrium. As employers shift more and more of their employees into limited network plans, there may be several competing effects. On one hand, as the broad network market shrinks, more providers may have to lower costs to ensure membership in the growing limited network sector. Moreover, there may be spillover effects on practice patterns for providers even for broad network patients. This is akin to the evidence from the Medicare Advantage program in Medicare, where some argue that a growing share of patients in Medicare managed care has led to lower costs even for the fee-for-service side of Medicare (Afendulis, Chernew, and Kessler 2013; Baicker, Chernew, and Robbins 2013) . So these effects would suggest strong cost-reduction pressures with continued adoption of limited network plans.
On the other hand, the experience with managed care of the 1990s suggests that there may be a "backlash" if the use of limited network plans is pushed too far. In that situation, consumer complaints about limited access to the highest quality providers led to legislative interventions to ensure broader provider access. Pinkovskiy (2014) estimates that these laws essentially eroded all of the gains from managed care in the mid-1990s. There are related concerns that expanded use of limited network plans could increase selection in insurance markets, with insurers excluding the most expensive providers to avoid the sickest patients; Shepard (2015) argues that this was the case for growth of some limited network plans in Massachusetts.
The most important caveat to our results is that they apply to one particular example, and that we may not be able to extrapolate them to other limited network plans, for example those featured on state exchanges. An important goal for future work should be to extend this analysis to those other examples. This should be feasible given that the tax credits available under the ACA provide distinctly nonlinear price differentials across health insurance options, allowing future researchers to assess how those induced into limited network plans on exchanges are faring in terms of health care spending and outcomes.
